Tridecane is commonly used as working liquid for measurement of the volume of solids in hydrostatic weighing apparatuses. The accurate measurement on the compressibility coefficient of tridecane plays an important role in this process. A new method based on a commercial vibrating densimeter(DMA-5000) is developed in order to determine the compressibility coefficient of tridecane with high measurement accuracy. The compressibility coefficient is calculated by using the data of pressure difference and corresponding density measured by the vibrating densimeter. Highly pure water and air were used for calibration of the vibrating densimeter. The compressibility coefficient of tridecane has been measured in the additional pressure range between 0MPa and 0.1MPa and in the temperature range from 283.15K to 303.15K.
Introduction
Modern hydrostatic weighing apparatuses are used for high-accuracy measurements of the volume of solid. In order to decrease the influence of liquid surface tension, Tridecane has been widely used as working liquid in these measurements [1, 2] . The measurements were operated at about 293.15K allowing the density of working liquid to be measured with a relative uncertainty less than 10ppm. At this low uncertainty level, the influence of the change in pressure to the density of tridecane has to be considerated. The pressure of the measurements is the sum of ambient air pressure and the hydrostatic pressure from the height of the working liquid above the sinker. Accurate density values for tridecane as working liquid in different pressure states are of significance when the results of the measurements are compared in different countries with different altitudes. The measurements of compressibility coefficient therefore become one important solution for high-precision calculation for density of tridecane in different circumstances [3, 4] .
The values of compressibility coefficients for tridecane published so far are always related with high pressure from 1MPa to 70MPa which are not available for the measurements in the modern hydrostatic weighing apparatuses. Its temperature dependence is also not known. In order to cope with these problems, the compressibility coefficients have been measured with a vibrating tube densimeter in the working range of pressure and temperature. The measurement principle of a vibrating tube densimeter is based on the relation between the liquid density and the vibration period of a U-shape glass tube filled with the liquid. There exist two instrument constants A and B which have to be treated as pressure dependent. Highly pure water and air are used for calibration, figuring out the constants A and B as a function of the pressure difference. The compressibility coefficient of tridecane then is calculated with the data of pressure difference and corresponding density, which are important for the measurement in modern hydrostatic weighing apparatuses.
Experimental

Measurement Facility
The measurements were performed by using a vibrating tube densimeter(DMA5000) and a precision digital pressure controller(PPC4). The densimeter measures the vibration period of the U-shape tube, indicating the density of liquid with a resolution of 1×10 -6 g cm -3 . The measuring cell is made of glass which can afford the pressure up to 1MPa. The temperature measurement and control systems are integrated together in the DMA5000. The U-shape tube was thermostatted by an external thermostatic bath with circulating silicon oil. The expanded uncertainty of the temperature measurement provided by the manufacturer is 12mK. Measurement temperatures were 283.15K~303.15K which are available for the measurements in modern hydrostatic weighing apparatuses.
The digital pressure controller PPC4 was connected to the one side of measuring cell which was filled with the liquid, adding additional pressure to the densimeter DMA5000. The other side of the measuring cell was closed by a plug. Measurement additional pressure was 0.00MPa, 0.02MPa, 0.04MPa, 0.06MPa, 0.08MPa, 0.10MPa. The expanded uncertainty of pressure measurements is 10Pa.
Calibration Method
The measurements of liquid density with a vibrating tube densimeter is based on the relationship between the liquid density ρ and the natural vibration period τ of the U-shape tube filled with the liquid [5] . The relationship between them is: .
(
Two instrument constants A and B are the calibration constants [6] . Once A and B are calibrated, the density of liquid is readily obtained by measuring the natural vibration period τ. Constant A contains the quotient of the tube stiffness constant K and the measuring cell volume V and constant B contains the quotient of the measuring cell mass m and the volume V:
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The tube stiffness constant K will increase under additional pressure inside the cell. Also, additional pressure will result in the increase of measuring cell volume V. Instrument constants A and B of the densimeter are the right constants at ambient air pressure, indicating the accurate density of liquid measured. However, at higher pressure the vibrating tube densimeters calibrated at ambient air pressure will have improper instrument constants, indicating the wrong result. As a consequence, two instrument constants A and B should be treated as pressure dependent [7] . For the change of viscosity for the liquid in the measurement pressure are negligible, the influence of the damping can be ignored in the calibration.
The apparatus was calibrated with air and highly pure water which have been degassed by boiling and operated by reverse osmosis at each measurement temperature and at additional pressure up to 0.10Mpa. Measurement temperatures were 283.15K, 288.15K, 293.15K, 298.15K, 303.15K. The densimeter will measure the vibration period τa and τw corresponding to the air and water. With the known density of air ρa and water ρw at measurement temperature and pressure, the formulae two instrument constants A and B can be figured out based on Eq. (1):
Measurement temperature range is from 283.15K to 303.15K, The air densities at different pressure and temperature were calculated with the formula given in [8] . The accurate density of pure water therefore is calculated with the formula recommended by CIPM which is available in the range 0°C~40°C at a pressure of 101325Pa(one atmosphere) [9] : )=999.97495 00.00084, a4/°C=69.34881. With additional pressure∆ , the formulae (4) must be multiplied by a factor k:
Where k0/(10 At each measurement temperature, instrument constants A and B were calibrated by Eq.(4) and Eq.(5) at different additional pressure ∆ ,using the accurate density of air and water. As a result, the constants A and B are presented as a linear function of the additional pressure∆ :
A ∆p A 1 c ∆p .
B ∆p B 1 c ∆p .
Where A0 and B0 represent the instrument constants in ambient air pressure. The coefficients and can be calculated with the results of the constants A and B at different additional pressure ∆ by a linear fit, shown in Fig.1 and Fig.2 . 
Compressibility Measurement
With the constants A and B calibrated by Eq. (8) 
Constant B/kgm -3
Additional pressure Δp/Mpa
With the density of the tridecane measured, the compressibility κ of tridecane at each temperature was calculated according to the following equation:
Where ρ0 is the density of tridecane without additional pressure.
Results and Discussion
In the additional pressure range from 0MPa to 0.1MPa, the densities of tridecane were determined by Eq. (7) with the constants calibrated by air and pure water. Compressibility coefficients of tridecane at each temperature were calculated by Eq. (8) with the densities at different additional pressure. The results of the compressibility coefficient are traced back to the water density and its compressibility data provided by CIPM as well as the density of air given in [9] .
The measured compressibility coefficient of tridecane at with 283.15K to 303.15K with the additional pressure 0MPa to 0.1MPa were shown in table 1. Compared with the literature data [10, 11] , by means of this method, the compressibility coefficients of tridecane were measured with a deviation less than 2%.
As the influence of additional pressure to the density of air is far more significant than the density of water, the uncertainty contribution due to the additional pressure measurement is mainly about the density of air. The CIPM formula for pure water is valid for pressure near one atmosphere pressure. The uncertainty given will increase when used in higher pressure.
Conclusion
A method to measure the compressibility coefficients by using a vibrating tube densimeter with small additional pressure 0MPa to 0.1MPa is reported. In this work, the compressibility coefficients of tridecane have been measured in the temperature range from 283.15K to 303.15K. Compared with the literature data, the compressibility coefficients of tridecane were measured with a deviation less than 2%. The accurate density of tridecane using for modern hydrostatic weighing apparatus should be calculated by the compressibility coefficients of tridecane measured at working temperature.
